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What is the World Made of?
Standard Model (~1970)
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Rutherford Scattering

Alpha particles were allowed to strike a thin gold foil. Surprisingly, alpha
particles were found at large deflection angles and ~1 in 8000 were even
found to be back-scattered.

Flash of

Microscope

Fluorescent
________ B screen
Scattering

angle

This experiment showed that the positive matter in atoms was
concentrated in an incredibly small volume (10-1>m) and gave
birth to the idea of the nuclear atom.
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The Fermilab Tevatron Accelerator

p anti-p collider:

i g i 1992-96
P ‘19?‘;‘,- P Run 1: 100pb-, 1.8TeV
1. ' 2001-2011?

Booster- == o Run 2: ~12fb, 1.96TeV
. 8fb-1ldelivered

All we know about the top
guark comes the Tevatron
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The Fermilab Tevatron Accelerator

Historv of the Universe
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The CERN LHC

Historv of the Iniverse
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 14TeV p-p collider
— 1Hz top production rate
« Data delivered ~10ub* @ 900GeV

— expect to collect 1fbt @ 7TeV
during 2010-2011
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Why study the Top Quark?

EPTONS

Predicted by the SM and Discovered In
1995 by CDF and D@

- m~170GeV vs my~5 GeV
Top-Higgs Yukawa coupling A, ~ 1
— may help identify the mechanism of
EWSB and mass generation.

— may serve as a window to new
physics that might couple
preferentially to top.

Successful Tevatron top quark program
— High precision measurements for the top quark mass, top pair

Muon Neutino
-0

Q

Muon
105.7

QUARK

)

Cham
1500

shange

160

production cross section and decay properties

Some basic quantities still not measured precisely: spin, width, lifetime
Electroweak single top quark production predicted by the SM, has been

Tou Neutrino
~0

>

Tou

observed in March 2009, 14 years after the pairs observation.
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Top quark pair production — strong interaction

(qg annihilation) (gluon fusion)
qq —tt gg —tt
q t g t ¢ t g t
o A X
q t g t g t g t
Run1(1.8 TeV) Run2(2TeV) LHC(14TeV)
qq —tt 90% 85% 5%
gg — tt 10% 15% 95%
X-sec(pb) 5.4 7 800

150 (@7TeV)
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Single Top quark production — EW interaction

Run2(2TEV) LHC(14TeV)

7/TeV

(s-channel) ) £ (7TeV)
T —s th y 1pb 10pb
qq _)tb d t 4pb

(t-channel) u d u :
e "o "o 5 2pb 250pb
qg — q'th 2 _ i - 60pb
(associated

production) X . ? w .
: g negligible 60pb
gh—>tW , 9 , 10pb
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Top-quark decay

 ~100% of the time, a top quark
decays into a bottom quark and a W
boson.

 The W boson can decay into two
guarks or into a charged lepton and a

b
LR
LR
Ak
L
5 K]
L f

neutrino
neutrino. bottor \ J.ﬁ:m:]
c A Top-gnti Top event should therefore [ Yi—

have either: protons ‘ antiprotons
— 6 quarks **1#7}@3&@"
— 4 quarks, 1 charged lepton _ '

and 1 neutrino quak YRS
— 2 quarks, 2 charged leptons = 4

and 2 neutrinos “”“"‘Q

;ih; @ particles
In all cases, 2 b-quarks are st | O antiparticles
present in the event A Top Antitop Guark Event from the

D-Zero Detector at Fermilab
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tt decay modes

Top Quark *
Decay Modes

all hadronic

tau + jets

“‘Lepton”: electron or muon

ud cs
+
w
e jet jet
b-jet i S

% * b1t == |

e,u jet jet

D;Iepton Lepton+jets All-hadronic
(BR~5%, low bckg) (BR~30%, moderate bckg) (BR~46%, huge bckg)
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J\ ep Top candidate

Witz

/
=
I | %% .
|%' | ‘L§
e+ P-=20.3
= P-=58.1
J' P-= 1410
J P-=5b.2
ET 91 GeV
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D@ Experiment Event Display
Single Top Quark Candidate Event, 2.3 fb™" Analysis

Run 223473 Evt 27278544 Sun Jul 23 19:21:41 2006

ET scale: 28 GeV

b Jet

b Jet

antiproton

Muon

Neutrino

APS/AAPT 2010 Cecilia Gerber (UIC) 14



Cross section (barns)

APS/AAPT 2010

Top quark events are rare!

B Total inelastic

o |

o

w E

].E:'_—

-2

o -

_LJ,\

- Higgs (ZH + WH)

- 15 . | . | . | . |

Lo
100 120 140 L&D L&D r}ZDD
Higgs mass (GeV/c™)

1x 10"

6 x 10°

4000
400
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e Top production is a rare
process: about one collision in
every 1x101° produces a Top-anti
Top quark pair.

« Small cross sections require
high luminosity, and the ability to
detect and filter out

Top-anti Top events from a large
number of other processes with
the same final states
(backgrounds)
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Single Top Is even rarer

—

g Total inelastic
& ¢ G:10D
= 10
§ al mb
2 10 N
= bb 1-10"
e
©10° b ub
\WY%
168 6,000
=l = 600

10 Higes (ZH + WH)
- tb
10—16
100 120 140 160 180 200
Higgs mass (GeV)/c
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And has a less populated final state

—

g Total inelastic
S, . 2

= 10

P ]

2 10 bb

W

e

“10° b ub

proton
: b
10 Higgs (ZH + WH)
L b _
10-16 antiproton 5
100 120 140 160 180 200
Higgs mass (GeV)/c
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Experimentally very challenging

—

g Total inelastic
= 10
§ al mb
2 10 N -
2 bb =g
e
© 6% b ub
W
10-8 6,000
- > 600
4
Evl

Higgs (ZH + WH)

- tb
10—16
100 120 140 160 180 200
Higgs mass (GeV)/c
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Recipe to measure a cross-section

Number of events that
pass selection cuts

Measured x-sec in channel X

o(p

P —

Events

2 Jets

3 Jets

4 Jets

v bl

g

EENEENEEE
) N = o mHom o 8
+ S+ 2+ + 8 7

=b Jets

Number of events from
processes other than top

Integrated Luminosity: a
measure of amount of data

Efficiency for top events
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Top-anti Top x-section Measurement

DG Run 1l - - priminary AUGUSt 2009 (et arxiv-osoa ds00 aoos) ||
e Kidonakis & Vogt, arXiv:0805.3844 (2008)

I+iets. dilenton. t+lepton (PRD [CIMoch & Uwer, arXiv:0807.2794 (2008)

jets, Criepton, Triepton (Fro) HeH  7.84'072 0% 0P A (stat) (syst) (lumi)
1o DIL 7.27+0.71-0.46+0.42
I+jets (b-tagged & topological, PRL) H-@-+H 7.42 +0.53 10,46 £0.45 pb (L=4.3fb")

0.9 fb! it i
I+jets (neural network b-tagged, PRL) @4 8.20 tggg :8;; tggg pb (ﬁngs fb'T) i 7.63i0.37i0.35i0.1 5
1.0 b '
cleplon oot 8 e sslESEE || SVX | 714:035:0.58:0.14
| 'I',:U fb ) (L:4.3 fb-‘f)

+track (b-tagged)* 5.0 +16 09 b b i A

e 1 s BEP ) | 7.2110.50+1.10:0.42
tau+lepton (b-tagged)* e | 7.32 1'32 +1 gg +0.45 pb (L=2.9fb")

22 fb! et il
taou4+fj:1ts (b-tagged)* I ° i 5.1 jg iO; 203 pb g]EcF)FE%r;:,bln 75?nit917321§ge%’?ciz'015
a"jetsi“(b-tagged)* |_|_ 6.9 i}g t::: t04 pb 4I L1 Iél L | \é\ (I I+I L1 Ié\ (I \é\ L1 I1|0I L | \1‘1\ (I I12
or (stat) (syst) (lumi) G(pﬁ - &) (pb)
mep= 175Gy B M Coccon cffl WEP 0800, 127 2009 oo  Measure in different channels
CTEQB.6M S. Moch and P, leer, PRD 78, 034003 (2008) and W|th d|fferent techniques
c b e | | |
0 2 4 6 8§ 10 12 — b-tagging method assumes
o (pp — tt + X) [pb] Br(t—Wb)=1
Test Of PQCD at high _QZ — Kinematic fit methods are
* Sensitive to new physics: free of this assumption

- Expect higher x-sec ifresonant g erimental uncertainties reaching

or non-SM production occurs precision in theoretical prediction.
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Single Top Production

CDF Run Il Preliminary, L=2.2fb"

Single Top Quark Cross Section August 2009
All detactors
W s-channel |4 . B : +0.88
i ; t.channel | | D@ |epton+jets 23" 3.94 _ b
3000 signal e | | 058P
2] charm 1 !
= —W CDF Lepton+ets 32" | HeH 2.17 7928 pb
g I Mon-w ] :

Z4 E . 1 +2.6
hooo — o | CDF MET+jets 2.1fb" ! 50 53 pb
Q [ L ] !

T ¥-COF Data | Tevatron Combination : 2.76 1932 pb
_'Q 75 Sys Uncert ] Preliminary : :
.E Il B.W. Harris et al., PRD 66, 0540|24 (2002) ~
81 000 B N Kidonakis, PRD 74, 114012 (2006) Myop = 170 GeV
I
|| | 1 4
0 2 4 6 8

6 (pp — tb+X, tgb+X) [pb]

’ W+1jet W+2jets W+3jets W+4jets E . nsn;asﬂ’rfff;'f
« Simple counting experiment cannot ;E{i‘f‘%
extract the signal from the background £ x IO
— Need advanced techniques : Elzn:'}%fv
— Multiple methods per experiment =:::z:
« Serve as cross check
« Combination adds power AP oyl TR

5
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Top Quark Pair Production Mechanisms

Produced in pairs via the strong interactions G | u O n F u S i O n F raCti 0 n

Measured with two orthogonal techniques:
Track density multiplicity analysis & NN
kKinematic analysis

Fgg=0.07+,5> SM(pred)=0.15+0.05

Uncertainty dominated by statistics

N R
> [
©. | DY, L=3.6 fb’ —= Data
220 = + Prelim. [ ]Z (650 GeV)
Search for ttbar resonances oo — -
o [ Q9 W4
I.|>18°:_ F[ Other MC
Study invariant mass spectrum of |+ 60 B et
events s
- A
. 20—
No evidence for narrow resonance E
decaying into ttbhar % 400 600 800 1000 1200

M, [GeV]
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Top Mass

ark Properties

Top Width

Top Spin

Top Charge

Rare/non SM Decays

-1
o 150. DO Run 11 0.9 fb e
S = tt signal
o 1201 _ I bkg with leptons
‘o 2 b-t ags |+] I bkg w/o leptons
+ 90 .
Q r { ]
Qo . ) |
E 60 ! .
= C
30
. Production
o- 3 > 3 1 cross-section
| Jet Multiplicity E—
- 1 b-tag dileptons ) production
CDF Il Preliminary 2.8 fb™! Production
ool Jata kinematics
Entries 80 |1 ;
Bl & DATA ] Top Spin
{Tio,=7.8pb Polarization
LS N = S []0;=6.7pb
| R Claco
10F
5_
0 50 100 150 200 250 . 300

dilepton invariant mass, Ge v/c?

APS/AAPT 2010

Branching Ratios

Cecilia Gerber (UIC)

b-tagging provides pure sample of top
guarks for properties measurements

W helicity

Anomalous
Couplings
N

CP violation
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Top quark Mass

Mass of the Top Quark (*Preliminary)

N—_— ‘ Best results (errors ~ 1%)

| . 107405249 obtained by ME Method:
Do-l i 168.4 +12.3+ 3.6 _
COF-Idi B 7ipio7i09 - Event by event weight calculated

Dol i according to quality of agreement with
_— SM top and background differential
ot cross-sections

CDF b 1?2'1;0'91 1'3 - Product of all event probabilities
AR gives the most likely mass

- JES constrained in-situ by the

DO-IT] 173.7+0.8+ 16

CDF-lalk] 186.0410.0+ 5.7 . .
S - R0 hadronic decay of the W—ijj
CDF-Ilall 1748+1.7+1.9

"CDF-Il trk ¢

175.3£ 6.2+ 3.0

Tevatron March'09 1731+ 064_; 11 r
(stat.) £ (syst

Dominated by systematics
| | pesvoons.
150 160 170 180 190 200
My (GeV/ic?)

M(top)=173.1+0.6+1.1 GeV
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SM Constraints on the Higgs

6 Pug.]:‘lzpm mL =157 GQV [T T T T | T T T T | T T T T | T T T T T T T T ]
s 3 : 80.70 | experimental errors 68% CL: _
s A Aafa)d = i . LEP2/Tevatron (today) ]
SRR e ab 0035 . Tevatron/LHC i
1 %} - 0.02749+0.00012 80.60 - : —
4 - % e incl. low Q% data = i LClGigaz igh.t: susY| |
& s I E 80.50 |- . mssul
g EE ... . === = .. =
i go40b
1k Il e = A
1 80.30 |-
0 Excluded , 4 Preliminary SM B
e 1 - MSSMETETET |
30 100 300 80.20 +_ = both models EEEEEE
mH [G eV] - : | Hei|nemeyer, Hollik, lStocKinger, Webler, Weiglein '09:

160 165 170 175 180 185

m, =87 igg GeV m, [GeV]
m, <157 GeV @ 95%C.L. Light Higgs preferred by the SM

] with latest top and W mass
m,, >114 GeV/(direct) _
Plots from LEP/TEV EW working group
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Top Mass from x-section

Assuming production is governed by SM,
top quark mass can be extracted

comparing the measured x-sec with theory _ 1™
0

Measurement has different experimental
and theoretical uncertainties than direct
measurements.

a [ 4
& 145 DO, L=11b
=] -
b -
12—
S, -,
10500 o e s,
8 Rt S =S
6 —g@= Measuredo, ."'~..._\ s
C Nadolsky et al., PRD 78, 013004 (2008) =il - emasisis
41— ——— Cacciari et al., JHEP 09, 127 (2008) IREEIETORI
L. Moch and Uwer, PRD 78, 034003 (2008) ;
2 m 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
150 160 170 180 190

Top Mass (GeV)

10_|||||||||||||||||||||||||||||||||||||||||||||||||_
9

8

—6-
=1 :
T 5 -
|Q.4_: ] CDF Run Il Preliminary 4.6 fb™ -
Q. r
“6" . Moch & Uwer, arXiv:0807.2794 (2008)
34 n
3 I IRRARLERELLELLEE Cacciari et al., arXiv:0804.2800 (2008)
2_; --------------------------- Kidonakis & Vogt, arXiv:0805.3844 (2008) | [
H -
0:|||||||||||||||||||||||||||||||||||||||||||||||||:
167 168 169 170 171 172 173 174 175 176 177

Top Quark Mass (GeV/c?)

Both direct mass measurement
and extraction from cross-
section measurement agree

within errors.
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Top Anti-top Mass Difference

CPT invariance requires that the mass of particles and corresponding anti-
particles be identical. Difficult to test with quarks because they hadronize
before decaying. Not the case for top quarks.

>  la)e+jets D@, 1fb"| =
E 170F
165}
160F
165 170 175 180 165 170 175 180
m, [GeV] m, [GeV]

Measured Mass Difference = 3.8+3.7 GeV, consistent with zero
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Top quark decay t—-WDb

Weak interaction and mass

| , w
eigenstates are not the same: a » a Vig: Vs Vup V,
mixing between quarks I Voxu = ‘&cd ‘é:s ‘&b t
described by the CKM matrix T Tl b
General form of the Wtb vertex

g L R ot i R SM:
T =——= Vi Y [fiPL+ fi'Pr| — (ot —mv), [foPL+ f2'Pr] ¢ [fR=f.L=f.R=0

V2 My flL 2 2
=1
1

SM predicts Vtb=0.9991

0
( unitarity and 3 generations) Vib|>0.89 @ 95% C.L. (from R)

Vib| >0.77 @ 95% C.L. (single top)
Vitb*f,t| = 0.88 £ 0.07

[ Tevatron Preliminary, August 2009

Measure from the rate of b-jets
In ttbar sample

ity
w

DG Run Il L=0.9 fb'

11

Gy(Pb)
g T

~ V| =0.88+0.07
10

B(f — Wb) | Vrb I2 E_ss%c.l_.limit:o.'n
R = - 2 2 2 ? :
25:'(‘\'r - WQ) I Vrb | + I Vrs | + I Vrd I " 1.5;—
|Vtb|? directly proportional to ’
6
5

N

Posterior Dens

95% C.L.
68% C.L.

08 09 1 11 1.2 G532 ——02 06 08 1

single top production x-sec
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Decay Properties: W Helicity

Helicity: relative direction between N o* q
the spin and the particle's motion. $ L cOsSYTuse
N 5 g b ). ALLLLLLELE > aS SenSItlve
egative Zero Positive
Helicity Helicity Helicity / W+ Obse rvable
£=0.30 f,=0.70 f,.=3.6x10+*
% B N | _ o
¢ b : W D@: 2-parameter fit for fraction of

L
f i i longitudinal (f,) and right-handed (f,)
polarized W bosons in ttbar decays

CDF: likelihood function for each "'dl.zf DO Run Il Preliminary

event from ME for ttbar and W+j. T te22arw

Simultaneous determination yields "} (Q f. =0.490+0.106+0.085
f,=0.88+0.11+006 NSRS R0l
f, =-0.15+0.07+0.06 I ‘

f,

Statistically limited: consistent with the SM prediction.
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Top Quark Charge

Fundamental property of particle

One possible scenario
Phys Rev D59, 091503 (1999):

— The discovered top quark is an
exotic quark of charge - 4e/3

— The top quark with charge 2e/3, sundard .
mass 270GeV not observed yet  Model v N EXaHE I

o e W%

Top Quark ] Top Quark
— Model accounts for precision Z F o B
data (including R, and AggP)
Pseudo Experiments
147 D@, 370pb” (b) | o4 coFRuniiPreiminary (2.7 )

12__ - Data
10_f | —q| = 2e/3

Statistically

7]
s
c
@
o
- o |a| = 4e/3
(o] 8; . T 8 . . I
BCE 0057 XM Top S| 1 smTop Limited!
Qo 4 5
£ 5 =
5 2 . _

00 ‘05 1 15 S S S A

Top quark charge [e] Normalized Asymmetry

Both CDF & D@ Data strongly favor the SM over XM
APS/AAPT 2010 Cecilia Gerber (UIC) 30



FtSM - 1'4 Gev) TtSMZSX]—O-ZSS go.as:_

(for m, = 175 GeV)

— Largest decay width (and
shortest lifetime) of all quarks in

the SM

— Deviations could indicate top

0.06 —

CDF Run |l Prelimilary 4.3 "

— wid = 1.5 (GeVic?)
— wid = 10.0 (GeV/c?)

—— wid = 20.0 (GeV/c?)

—— " T

decays to non-SM particles

« Width is extracted from lepton+jets .a i
events via a 2D template fit to the
reconstructed top mass and the
iInvariant mass of two jets from the

hadronic W decay

150

200 250 300 350

M (GeVic’)

0.02

0

CDF Run I Prelimilary 4.3 m’
— 2.0 A, (o)
— 0.0A 4 (5,)

— +2.0A,¢ (o,)

80 100 R
M, (GeVic')

[ <7.5GeV @ 95% C.L, corresponding to 1,>8.7x102%s

APS/AAPT 2010
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http://www-cdf.fnal.gov/physics/new/top/2010/tprop/TMT_width_p23_public/plots/wjj_1tag.eps
http://www-cdf.fnal.gov/physics/new/top/2010/tprop/TMT_width_p23_public/plots/mtreco_1tag.eps

Top Quark Spin

« Top quarks decay before hadronization, transferring spin and
kinematics to the final state
— top quarks are produced unpolarized, but their spins are correlated

— Study the spin correlation by analyzing the joint decay angular
distribution of the top and the anti-top quark in dilepton events.

DZ Run II preliminary (4 fb™)
s 70 ~ I tt, SM spin corr.
— tt, no spin corr.
Mz -1

~ —— Diboson

S0 —— Multijets

1 d 1
o = —(1 — C cos b cosbls)

Edcosﬂldcasﬁg 4 /4
/

Angle between the lepton direction and the
beam axis in the top rest frame.

DO C=-017+;

60

40
30
20

10

0

e 0s 04 020 02 o4 06 5 . 0.55
Gl (92‘ C — 0-32 i078

Measured correlation agrees with the SM within 2SD
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2asured in reconstructed lepton+jet events, using the
correlations of leptons, b-jets and identified d-jets.

— 2-D fit to the helicity angle bilinears cos(8,)cos(6,) vs cos(6,)cos(8,)

‘ Helicity Angle Bilinear Cos(6))*Cos(6,) , Fit Result |

\ Helicity Angle Bilinear Cos(8))*Cos(8,) , Fit Result |

200 T T T T R . S . .-
CDF Run |l preliminary L=4.3 fb” i ici = 240 =

220 P s [] cpmonte ey o 3 220F  CDFRun llpreliminary L=43 " [ | copoete Heleiy o8] —
200 = E
- + - eeeeeeee ity (SH) E 200 - o Heliy (51 3
180 I:I Backgrounds _: 180 _:
- I:I Backgrounds -

160 = E
. 3 160 —

— Diat: -

4140 fo 0.80 41-0.25 +-0.08 o 2140 D 3
9120 = T fop: 0.80 +/-0.25 +/-0.08
w 3 g 120 =
100 — i 3
3 100 =

80 - 3

3 80 -

60 — =
0 3 60 =

= 40 =

20 — =

0 ] 20 -]

-1 08 06 -04 02 0 02 04 06 08 1 0 = e =
cos(8)‘cos(d,} -1 08 -06 -04 -02 0 02 04 06 08 1

cos(6,)'cos(8,)

Opposite helicity fraction f, =0.80+£0.25+0.08  measured in the
Spin Correlation coefficient x=0.60+0.50+0.16  helicity basis

Novel method benefits from the larger stats of the |+] sample
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http://www-cdf.fnal.gov/physics/new/top/2009/tprop/LJ_spincorr/eps/lepdown.eps
http://www-cdf.fnal.gov/physics/new/top/2009/tprop/LJ_spincorr/eps/lepbot.eps

MANY Searches for BSM effects

« Using top pair final states:

— SM H-b anti-b in association
with top (Htt-bar)

— Top decay to charged Higgs
B(t—H*b)
— Scalar Top pair production
e Using single top final states

— H*—tb search

— Anomalous Wtb couplings

— W'—tb search

— FCNC search

HIGGS BOSON

He's the one everyone wants
to meet, but for now he’s
ES0 playing hard to get. Yow'd be |
] smiling too if everyone was
looking o interview you.

-
DARK MATTER
TACHYON The mysterious

Can this devious and niissing mass.
clever particle really Difficult to see
travel faster because he's

than light? 5o dark.

All results agree with the SM
expectations...

NEW LOOK!

j yGRAVITON

| Still unobserved,
| yet theoretically
everyuwhere, he's
got big legs for
./ jumping branes.

THEORETICALS
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After ~15 years of studies

« m=173.1 £ 0.6(stat) +1.1(syst) GeV
« A,=m-m,=3.8+3.7 GeV

« o(tt)=7.84+0.95pb (for m=175GeV)
. o(tt)=7.50+0.48pb (for m=172.5GeV) @
« 0(t)=2.76+0.58-0.47pb (for m;=170GeV)

*  |Vf,H| =0.88 £ 0.07
« Charge: -4/3 excluded @ 95% CL

« I<75GeV @ 95% CL, T,>8.7x1025s

 Longitudinally polarized W:
f,;=0.49—0.88 [f,(SM)=0.7]

 Opposite top helicity fraction
f,=0.80+0.25+0.08 [f,(SM)=0.7]

« Top spin correlations
agreement with the SM for spin % top

plus MANY limits on new physics
http://www-cdf.fnal.gov/physics/new/top/top.htmi
http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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Conclusions

* Tevatron Run2 is an ongoing success...
8fb-! delivered and ~12fbt expected (2011)

e LHC startup imminent, plans to collect 1fb-! of
data at 7 TeV. Will result in a sample of top
guarks comparable in size to the entire Tevatron
Run |l dataset.

* The next few years promise to be a very
exciting time in the field of high energy
particle physics.
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e/temp/express/BeamCommissioning09/ExpressPhysics/FEV

RRARERE 110n 1w 73 1920055 2008 CEST

Event Filtering is OFF Lumi block id: 25

EXPERIMENT

2009-11-23, 14:22 CET
Run 140541, Event 171897

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/events.html

CMS 2009 |
Preliminary

FIE Muons
[Z]® Electrons

005 o"{'b‘i‘s" 2 025 0.3 0.35 0.4 0.45
miry) [GeVict)  —;
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